Wheelchair tennis has been identified as a high-risk sport for shoulder injury, so understanding shoulder pathology in these athletes is important. Objective: This study investigated the incidence and pattern of shoulder injuries in wheelchair tennis players using high-resolution ultrasonography. Design: Descriptive study. Setting: International Wheelchair Tennis Open. Participants: 33 elite-level wheelchair tennis players. Outcome Measures: Wheelchair tennis players completed a self-administered questionnaire, and shoulders of each athlete were investigated using high-resolution ultrasonography (linear probe 7.5 MHz). Results: The most common pathology in the dominant shoulder was acromioclavicular pathology, in 21 players (63.6%). Full-thickness rotator-cuff tears involving the supraspinatus were found in 8 dominant shoulders and 6 nondominant shoulders. There were no correlations between identified shoulder pathology and the different variables studied, such as age, training time per day, length of wheelchair use, and length of career as a wheelchair tennis player. Conclusion: High prevalence of rotator-cuff and acromioclavicular pathology was found by ultrasonographic examination in the elite wheelchair tennis players in both dominant and nondominant shoulders. A high index of suspicion of these pathologies in wheelchair athletes is required.
A high prevalence of upper limb pain has been reported in individuals who rely on manual wheelchairs for mobility. 1 Up to 78% of individuals with spinalcord injury have reported experiencing shoulder pain. 2 Wheelchair use requires continuous use of the upper extremities, not only for mobility but also for transfers, weight-relief lifts, and reaching activities. 3, 4 Wheelchair tennis has been identified as a sport associated with a high risk of shoulder injury, but little information is available on the incidence or types of shoulder injury sustained during the sport. Ultrasonography is one of the most important imaging methods for evaluation of clinical shoulder problems. 5, 6 Although its diagnostic accuracy in detecting rotator-cuff tears varies according to the size of the lesion, it has proved to be successful in the diagnosis of complete tears of the supraspinatus, with good sensitivity (93-97%) and specificity (91-100%). 6 In athletes with repeated overhead activities, rotator-cuff abnormalities and degenerative changes in the joint, labrum, or ligament have been reported. 7, 8 However, few studies have focused on the shoulder joint of wheelchair athletes, particularly tennis players, who are involved in a substantial amount of overhead activity. The high incidence of rotator-cuff injuries seen in wheelchair tennis players has been explained by the continuous repetition of wheelchair propulsion and repeated overhead activities associated with tennis. Muscle imbalances around the shoulder joint, 9 whether a product of injury or a result of functional movement patterns, 10 have also been identified as contributing to the development of shoulder disorders in wheelchair users. 11 The purpose of this study was to investigate the incidence and pattern of shoulder injuries with ultrasonographic evaluation in wheelchair tennis players playing at a competitive level.
Methods

Participants
After approval from an internal review board, 33 high-level wheelchair tennis players who participated in the International Wheelchair Tennis Open were recruited for this study. All study participants were supplied informational sheets that explained the purpose and method of the study. Written consent was obtained in all cases. Inclusion criteria included use of a manual wheelchair for at least 1 year for at least 50% of home and community mobility. All participants were paraplegic.
Design
One of 3 orthopedic surgeons specializing in shoulder surgery performed a clinical examination on each study participant per routine protocol of the upper extremity unit of the hospital. The physician administered a questionnaire to collect basic information including age, sex, years involved in wheelchair tennis, training time per day, years spent in a wheelchair, and presence and duration of shoulder pain. Subjective shoulder pain was graded as mild, moderate, or severe. The dominant shoulder was defined as the arm used for both the tennis racket and wheel control; the nondominant arm was used only for wheel control (Figure 1 ).
Sonographic Evaluation
Sonographic examinations were performed by a single musculoskeletal radiologist. All sonograms were obtained in real time with the use of an IU 22 (Philips Med, Bothel) with a 7.5-MHz broadband linear-array transducer. All participants underwent sonograms on both shoulders.
The long head of the biceps tendon, acromioclavicular joint, and rotator-cuff tendons (supraspinatus, infraspinatus, and subscapularis) were investigated under the modified protocol of Naredo et al.
Long Head of the Biceps.
The long head of the biceps tendon was scanned at the level of the bicipital groove. The participants were seated with their arm at their side in a neutral position, the elbow flexed to 90°, and the forearm positioned supinely on the thigh. The transducer was placed at the level of the lateral surface of the coracoid process and moved downward to the point where the biceps tendon passes through the bicipital groove. The biceps tendon was first viewed transversely, and then the transducer was rotated 90° to examine it longitudinally.
Acromioclavicular Joint.
The acromioclavicular joint was examined by longitudinal scanning of the joint with the arm positioned as in the biceps test.
Rotator-Cuff Tendons.
The supraspinatus, infraspinatus, and subscapularis of the rotator cuff were examined. The supraspinatus tendon was scanned with the study participant seated on a stool with the arm positioned in internal rotation and hyperextension. Longitudinal views of the supraspinatus were taken with the transducer at the level of the anterolateral edge of the acromion, parallel to the long axis of the tendon, positioned approximately 45° between the frontal and sagittal planes. The transverse view was at a right angle to this position. The maximal thickness of the supraspinatus tendon was measured in the transverse view just below the anterolateral edge of the acromion. In addition, a dynamic exam was conducted to evaluate subacromial gliding motion and morphological changes of the anterior edge of the supraspinatus while abducting the shoulder in neutral rotation. Images of the infraspinatus were taken with the hand of the participant placed on the contralateral shoulder. The infraspinatus was scanned with the transducer placed parallel to the long axis of the tendon. The scan range was from the level of the posterior surface of the acromion to the inferior edge of infraspinatus tendon. The scan covered the lateral end of the infraspinatus tendon. The subscapularis was first scanned with the arm in neutral rotation and then in external rotation. The rotator-cuff lesions were graded as degeneration, partial tear, or full-thickness tear (the diagnostic criteria described in Table 1 ). The size of each rotator-cuff tear was defined as small (<1 cm), medium (1-3 cm), large (3-5 cm), or massive (>5 cm) at the onset of the study. 
Results
Clinical Results
There were 26 male and 7 female athletes recruited for the study. The average age of the recruits was 36.2 years (range 25-45). The average years involved in wheelchair tennis was 7.5 (range 5-15). The time for tennis practice per day ranged from 4 to 7 hours, with an average of 5.6 hours. The average number of years spent in a wheelchair was 12.5 (range 6-20). Twenty-three athletes (69.6%) reported shoulder pain on the dominant side at the time of the study. Of these, 3 described their pain as severe, 10 as moderate, and another 10 as mild. Twenty-three patients (50%) complained of opposite-side shoulder pain during wheelchair propulsion. The other 10 cases (30.3%) had no pain.
Sonographic Results
The most common pathologic finding identified in the dominant shoulder of wheelchair tennis players by ultrasonography was acromioclavicular pathology in 21 recruits (63.6%), which consisted of 15 cases with osteoarthritic changes (45.4%) and 6 (18.1%) with joint effusion (Figure 2 ). Full-thickness rotator-cuff tears were found in 8 dominant shoulders (24.2%) and 6 nondominant shoulders (18.1%). No bilateral full-thickness tear was noted. All full-thickness tears occurred in the supraspinatus tendon (Figure 3 ). In the dominant shoulders, medium-size full-thickness tears and small partial-thickness tears were more common, whereas small full-thickness tears and medium-size partial-thickness tears were more common in nondominant shoulders (Figure 4) . Subscapularis degenerative lesions were found in 4 cases, in both dominant and nondominant shoulders. However, there was no infraspinatus-tendon pathology identified with sonographic examination. Overall, there were no full-thickness tears identified in the infraspinatus and subscapularis tendons ( Table 2) . Biceps-tendon pathology was found in 7 dominant (21.2%) and 6 nondominant shoulders (18.2%). Subacromial and subdeltoid effusion was found in 11 dominant shoulders (33.3%) and in 6 nondominant shoulders (18.2%).
Ultrasonographic findings organized by the subjective pain ratings in the shoulder joint are presented in the Table 3 . Among 10 asymptomatic participants, acromioclavicular pathology was the most common finding, followed by supraspinatus pathology, which included 2 degenerative lesions, 2 partial tears, and 1 full-thickness tear. Three athletes with severe pain presented with 3 osteoarthritic changes in the acromioclavicular joint and 2 full-thickness supraspinatus tears. When the relationship of supraspinatus and acromioclavicular pathology with clinical variables was analyzed, average age, training time per day, length of wheelchair use, and length of career as a wheelchair tennis player were not statistically significantly different (Tables 4 and 5) . 
Discussion
The objective of this study was to characterize shoulder pathology in wheelchair tennis players. The cohort in this study comprised wheelchair tennis players playing at a high or very high level of competition. The prevalence of rotator-cuff and acromioclavicular-joint pathologies found with ultrasonographic examination in this study was relatively high (rotator cuff 24.2%, acromioclavicular joint 63.6%) in wheelchair tennis players. Shoulder problems in the weight-bearing shoulder are not uncommon, 4,13,14 but athletes using wheelchairs are more prone to injuries, particularly those participating in overhead sports. Factors that have been mentioned as contributors to the development of shoulder complaints in these individuals are the relatively high load and high frequency of this load on the shoulder during wheelchair propulsion and sports participation. Fast propulsion has been shown to create greater forces in the shoulder joint than free propulsion in wheelchair athletes. 15 During routine transfer from wheelchair to a bed, the weight of the body is transferred from the trunk through the clavicle and scapula across the subacromial soft tissue to the humerus. During wheelchair propulsion, the shoulder is forced through an arc of motion against resistance and, eventually, the rotator cuff because of its increased transmission of forces, as well as during overhead tennis play, is susceptible to injuries. Full-thickness rotator-cuff tears were found more in the dominant shoulder, which is used for both overhead activity in tennis and forceful propulsion and control of the wheelchair. In dominant shoulders, medium-size full-thickness tears and small partial-thickness tears were the more common type, whereas small full-thickness tears and medium-size partial-thickness tears were more common in nondominant shoulders. This implies that the dominant shoulder is more prone to full-thickness tears of the supraspinatus because of repeated overhead activities in addition to being the weight-bearing shoulder. The nondominant shoulders of these athletes are equally exposed to injury from wheel control and propulsion. All full-thickness tears involved the supraspinatus tendon, and none of the athletes in this study presented with a complete rupture of the subscapularis or infraspinatus. Subscapularis degenerative lesions were found in equal (n = 4) numbers in dominant and nondominant shoulders. However, there was no infraspinatus-tendon pathology identified on ultrasonographic evaluation. This finding is similar to the observations reported by Brasseur et al 16 in ultrasonographic rotator-cuff evaluation in 150 veteran tennis players playing at the competitive level.
Biomechanical analyses have identified multiple tensile regions in each tendinous unit of the rotator cuff. 17 The principal units identified are the anterior third of the supraspinatus, midsuperior and inferior portions of the infraspinatus, and superior and midsuperior portions of the subscapularis. The supraspinatus middle and posterior thirds failed at significantly lower tensile loads than the infraspinatus and subscapularis. This could be the explanation for the infrequent injury of infraspinatus and subscapularis tendons in our study.
Acromioclavicular pathology was found in 63.6% of the wheelchair athletes in this study, the most common pathology identified in the scanned shoulders. Uneven joint surfaces; incomplete, thin, fragile intra-articular discs; and transmission of high compressive forces through the clavicle during weight bearing in these subjects contribute to degenerative disease of the joint. 1, 18 Weight lifts, bench press, and abduction exercise can provoke pain at the acromioclavicular joint. Although acromioclavicular-joint arthritis is a very common pathologic ultrasonographic finding in wheelchair athletes, this was not always symptomatic in these athletes.
Pathogenesis of shoulder symptoms in these wheelchair athletes is multifactorial. 1, 9, 11 Scapular kinematics and muscle imbalance may predispose manual wheelchair users to the development of shoulder pathology. 19 Scapular dyskinesis has been identified in wheelchair-bound individuals 20 and also in overhead athletes. The combination of being wheelchair-bound and an overhead athlete can cause serious alterations in the motion and position of the scapula. We speculate that these alterations can then lead to the impingement and rotator-cuff tears that we observed with the ultrasound imaging. We did not examine scapulothoracic kinematics in this study, but studies on scapulothoracic dyskinesia in this group of athletes are required in the future to enhance these clinical findings.
With repetitive upward axial loading of the shoulder that occurs with upper limb weight bearing, inadequate depressor strength appears to be the most important predisposing factor. 3, 21 Chronic overuse and repetitive impingement positioning 1 seem to be the other contributing factors. Ultrasonographic study of the acute biceps tendon showed that edema was the first sign of overuse injury, and more playing time suggested a larger increase in tendon diameter. In this study, however, wheelchair tennis players did not present a statistically significant difference when the relationship of supraspinatus and acromioclavicular pathology with clinical variables was analyzed, such as average age, training time per day, and length of wheelchair use and wheelchair tennis career. There has not been a diagnostic-imaging study of the shoulder in asymptomatic and symptomatic wheelchair athletes, although there has been a comparative study on the onset and prevalence of shoulder pathology in athletic and nonathletic wheelchair users. 4 Knowledge of this shoulder pathology can help both treating physician and wheelchair athletes modify training schedules and avoid injury during sports. We need to formulate guidelines for early detection, classification, and treatment of shoulder injuries in wheelchair athletes to provide them more pain-free years.
A weakness of this study was that there was no well-controlled group that could determine the relationship between age and rotator-cuff pathology. In addition, the number of participants was limited. The diagnostic criteria of the pathological findings on the target structures were adopted from Naredo et al, 12 who considered tendon-sheath effusion a type I lesion of the biceps long head tendon (Table 1) . Because the biceps long head tendon sheath is connected to the shoulder's articular space, there could be a debate over whether the effusion in this space is a surrogate marker of early pathological change of the biceps long head tendon. However, in this study, effusion in the long head of biceps-tendon sheath was included in the diagnostic criteria because the ultrasonographic differentiation between effusion from expansion of glenohumeral-joint pathology and effusion from tenosynovitis was not always concrete.
Conclusion
In conclusion, we performed high-resolution ultrasonography to investigate shoulder pathology in high-level wheelchair tennis athletes. We found a high prevalence of rotator-cuff and acromioclavicular pathology in the athletes in both the dominant and nondominant shoulders. Although acromioclavicular-joint arthritis is a very common pathologic finding in wheelchair athletes, this was not always symptomatic in these athletes. A high index of suspicion for these pathologies in wheelchair athletes is required.
